Introduction
The B → K 1 (1270, 1400)νν transitions are governed by the flavor changing neutral current (FCNC) decay of b → sνν which is of fundamental interest because of the following reasons: Such transition occurs at loop level and is forbidden at tree level in the Standard Model (SM). This transition is a good candidate for searching new physics beyond the SM and constrains the parameters beyond it. A search for SUSY particles [1] , light dark matter [2] and also fourth generation of the quarks is possible by analyzing such loop level transition. The B → K 1 (1270, 1400)νν decays also provide a new framework for precise calculation of the V tb and V ts as elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix.
Experimentally, the K 1 (1270) and K 1 (1400) are the mixtures of the strange members of two axial-vector SU(3) octets 3 P 1 (K A 1 ) and
). The K 1 (1270, 1400) and K A, B 1 states are related to each other as [3, 4] :
the angle θ lies in the interval 37
• [3, 4, 5, 6, 7] .
The sign ambiguity for the mixing angle is related to the fact that one can add arbitrary phase to the | K In the recent studies for B → K 1 (1270)γ and τ → K 1 (1270)ν τ , the following values has been obtained for θ [8] , which we are going to use in the present work: θ = −(34 ± 13)
The B → K 1 γ decay has been investigated in the next-to-leading order in the large energy effective theory (LEET) and in the framework of light cone sum rules in [9] and [3] , respectively. In [10] , the B → K 1 (1270)ll transition has also been investigated in the LEET model. In this work, separating the K 1 (1270) and K 1 (1400) states, we analyze the B → K 1 (1270, 1400)νν decay modes in the framework of the three-point QCD sum rules. First, we calculate the form factors of the B to axial | K 
To obtain the transition amplitude for B → K
νν decay, it is necessary to sandwich the Eq. (3) between the initial and final meson states.
where G F is the Fermi constant, α em is the fine structure constant at Z mass scale and V ij are the elements of the CKM matrix. Both vector and axial vector part of the transition current, s γ µ (1 − γ 5 )b , contribute to the matrix element stated in the Eq. (4). Considering the Lorentz and parity invariances, this matrix element can be parameterized in terms of some form factors as follows:
where f
are the transition form factors and
Here, we should mention that the f A(B) − (q 2 ) form factor does not appear in the expressions of the decay widths, so we don't consider it in our calculations. Using the Eqs. ( 1, 5, 6) we obtain:
For simplicity, we will set f
in the future calculations.
We define the G-parity conserving decay constants of the axial vector
where
is the scale-independent decay constant of the K [11, 12] . On the other hand, the G-party violating decay constants are defined as 
where J νK 
+ . . . 
This matrix element for K 
+ excited states.
For extracting the expressions for the form factors f
we choose the coefficients of the structures g µν and
is considered for the form factor f
. On the other hand, from the
and f
, respectively. Here, we stress that there is no contribution of the K pole in the invariant structures chosen to evaluate the form factors.
Therefore, the correlation functions are written in terms of the selected structures as:
The QCD side of the correlation functions are calculated by the help of the operator product expansion (OPE) in the deep Euclidean region, where
function in terms of the perturbative and non-perturbative parts as:
where i stands for 0, V and +. The non-perturbative parts contain the light quark (<qq >) condensates.
The perturbative parts are written in terms of the double dispersion integrals as:
The spectral densities ρ i (s, s ′ , q 2 ) and ̺ i (s, s ′ , q 2 ) can be calculated from the usual Feynman integrals with the help of the Cutkosky rules, i.e., by replacing the quark propagators with the Dirac-delta functions:
, implying all quarks are real. Calculations lead to the following expressions for the spectral densities.
The subscripts V, 0 and + correspond to form factors f V , f 0 and f + , respectively. In the Eq. (20) N c = 3 is the number of colors.
The integration region for the perturbative contribution in the Eq. (19) is determined from the condition that the arguments of the three δ functions must vanish simultaneously. The physical region in the s and s ′ plane is described by the following non-equality:
For the contribution of the non-perturbative parts, i.e., the contributions of the operators with dimensions d = 3, 4 and 5, the following results are derived:
where r = p 2 − m 
In each set of the above equations, we have two equations with two unknowns (form factors). To obtain the form factors f
, we solve each set simultaneously. Finally, we obtain the sum rules as following:
In the above equation, in order to subtract the contributions of the higher states and the continuum, the quark-hadron duality assumption is used, i.e.,
At the end of this section, we would like to calculate the longitudinal and transverse component of the differential decay width in terms of the form factors of K 1 (1270) and K 1 (1400) (see Eq. (7) for the relation between the
and K 1 (1270, 1400) form factors). After some calculations, we obtain the longitudinal and transverse components of the differential decay width
The total decay width and the asymmetry parameter α, characterizing the polarization of the K 1 meson are define as:
Numerical analysis
In this section, we present our numerical analysis of the form factors f V , f 0 and f + , longitudinal, transverse and total decay width, branching ratio and the asymmetry parameter α, characterizing the polarization of the K 1 meson.
The sum rules expressions for the form factors and also the expression for the decay widths depict that the main input parameters entering the expressions are the Wilson coefficient C 10 , elements of the CKM matrix V tb and V * ts , the leptonic decay constants; f B and f
, the Borel parameters M −0.24 , | V ts |= (40.6 ± 2.7) × 10 −3 [15] , (1 GeV ) = 0.27
−0.17 [18] . The expressions for the form factors contain also four auxiliary parame-behavior at low values of the q 2 , but in this region, the dΓ L /dq 2 for K 1 (1270)
is zero and has almost nonzero value for K 1 (1400). Finally, we denote the dependency of the asymmetry parameter α, characterizing the polarization of the K 1 meson in terms of the x. This figure depict that for both K 1 (1270) and K 1 (1400) cases, the α varies in the interval −1 < α < 1 in the allowed region of the q 2 . For K 1 (1270), the asymmetry parameter is unity with negative sign in the interval 0 < x < 0.3. This implies that, in this region, the longitudinal component of the differential decay rate is zero and this is in agreement with Fig. 1 . After x = 0.3, the dΓ L /dq 2 approaches to zero and changes sign at x = 0.5. In this point, the longitudinal component of the decay rate is near to its maximum and half of the transverse component. Table shows that the branching fraction for K 1 (1270) about four times greater than that of the K 1 (1400) states.
In conclusion, separating the mixture of the K 1 (1270) and K 1 (1400) states, the form factors related to the B → K 1 (1270, 1400)νν decay were calculated using three-point QCD sum rules approach. Taking into account the q 2 dependencies of the form factors, the longitudinal and transverse component of the differential decay width as well as the asymmetry parameter α, characterizing the polarization of the K 1 meson and the branching ratio of these transitions were evaluated. 
